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(57) Abstract: A modular feed-though adapter that allows an electrical connection to a power line network adapter without "using 
up" an electrical outlet is described. In one embodiment, the modular feed-through adapter also provides noise filtering to protect 
electrical equipment plugged into the feed-through outlet The noise filtering also protects the power line network data signals from 
noise generated by the devices plugged into the feed-through adapter. In one embodiment, the network connections provided by the 
feed-through adapter are low voltage connections, thus allowing the network connections from the feed-through adapter to be safely 
plugged directly into low-voltage equipment such as computer network cards and the like. In one embodiment, the modular adapter 
includes a balun to couple network data signals to the power line. 
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MODULAR POWER LIIUE METWORK ADAPTER 

Background of the Invention 

Field of the Invention 

The invention relates to adapters for power line communication systems, in particular, the Invention relates 
to adapters that connect a power line network modem to an electrical outlet or electrical power cord. 
Description of the Related Art 

The widespread availability of computers, especially personal computers, has led to a rapid increase in the 
number of computer networks. Networking two or more computers together allows the computers to share 
information, file resources, printers, etc. Connecting two or more personal computers and printers together to form a 
network is, in principle, a simple task. The computers and printers are simply connected together using a cable, and 
the necessary software is installed onto the computers. In network terminology, the cable is the network medium and 
the computers and printers are the network nodes. Unfortunately, in practice, creating a computer network is often 
not quite as simple as it sounds. Typically, a user will encounter both software and hardware problems in attempting 
to configure a computer network. 

When configuring a network in a home or small office, users often encounter hardware difficulties insomuch 
as It is usually necessary to install a network cable to connect the various network nodes. In a home or office 
environment, it can be very difficult to install the necessary cabling when the computers are located in different rooms 
or on different floors. Network systems that use radio or infrared radiation are known, but such systems are subject 
to interference and government regulation, and thus are far less common than systems that rely on a physical 
connection such as a wire or cable. 

Virtually all residential and commercial buildings in the U.S. are wired with electrical power lines, and using 
the existing power lines as a network medium to carry data is both convenient and efficient. Access to the power 
lines, for both power and data, is typically provided by conventional two-pronged or three-pronged electrical outlets. In 
most homes and office buildings, several electrical outlets are provided in each room. Nevertheless, many people find 
that there are never enough available outlets. To combat this problem, a wide variety of multi-outlet adapters have 
b^en marketed. 

The multi<outlets adapters come in many forms, but they all have the common goal of expanding the number 
of devices that can be plugged into a wall outlet. One common type of multi-outlet adapter used with computer 
equipment is the surge-suppressor strip. The surge-suppressor strips usually include a power cord that plugs into an 
existing wall outlet, a switch, a circuit breaker, and several outlets. The surge-protector strips include surge 
suppressors and noise filters to protect the computer equipment from voltage spikes and noise often present on the 
power line. 
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Unfortunately, the surge suppressors and noise filters in the surge-suppressor strips often cause problems 
with power line networking systems because the noise filter treats the network data signals as noise that must be 
removed. Therefore, it is often desirable for the power line networking system to have direct access to the electrical 
power outlets, rather than the outlets provided by the surge-suppressor strip. 

Power line network systems are often installed by homeowners and small business owners who have little, if 
any, technical training. Some users have encountered difficulty, and dissatisfaction, with prior power line network 
systems because the user, unwilling to give up an electrical outlet plugged the power line equipment into a surge- 
suppressor strip (sometimes rendering the power line network equipment partially inoperative due to the noise filters in 
the strip). Moreover, previous embodiments of power line adapters have met with some consumer resistance because 
the need for direct access to the power outlet "used up" an outlet that the consumer wanted to use for other 
purposes. In some cases, the size existing power line equipment that plugged into an electrical outlet forced the user 
to move furniture away from the outlet {such situations can occur, for example, when the outlet being used for a 
computer or printer lies behind a desk or bookcase). 

Summary of the Invention 

The present invention solves these and other problems by providing a compact modular feed-though adapter 
that allows an electrical connection to a power line network adapter without "using up" an electrical outlet. In so 
doing, the present invention greatly increases the convenience and usability of power line network equipment. Power 
line network equipment configured according to the present invention is much easier for the user to install than prior 
systems and significantly reduces the chance that a user will have problems due to incorrect installations. The feed- 
through adapter allows the user to plug the power line network adapter directly into the wall without sacrificing an 
electrical outlet. 

In one embodiment, the modular feed-through adapter also provides noise filtering to protect electrical 
equipment plugged into the feed-through outlet. Unlike a conventional surge-suppressor strip that filters all outputs, 
putting the noise filter in the feed-through adapter provides filtering where desirable (e.g. to protect a computer) and 
avoids protective filtering where such filtering would be undesirable (e.g. in the power line network data path). The 
noise filtering also protects the power line networi( data signals from noise generated by the devices plugged into the 
feed-through adapter. In one embodiment, the network connections provided by the feed-through adapter are low 
voltage connections, thus allowing the network connections from the feed-through adapter to be safely plugged 
directly into low-voltage equipment such as computer network cards and the like. 

One embodiment includes a self-contained feed-through power line network adapter that provides an 
electrical power connection to a power line, and a network data connection to a computer or other device. In one 
embodiment, the self-contained unit includes an electrical plug configured to plug into one socket, such as the lower 
socket, of an electrical power outlet without covering other sockets in the electrical outlet. The self-contained adapter 
includes a feed-through output socket and a network data/power connector. In one embodiment, the feed-through 
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socket includes a filter to reduce the amount of power line noise and voltage spikes that reaches the equipment 
plugged into the feed-through socket. The filter also reduces the amount of noise that reaches the data/power 
connector from the device plugged into the feed-through outlet. In one embodiment the self-contained network 
adapter includes a power line network interface and one or more network ports to allow network connections between 
the self-contained network adapter and a computer or other device. 

In one embodiment, a self-contained adapter includes an electrical plug configured to plug into two or more 
sockets of an electrical power outlet. The two-outlet self-contained adapter includes two feed-through output sockets 
and a network data/power connector. In one embodiment, the feed-through socket includes a ground-fault interrupter 
circuit for safety and a filter to reduce the amount of power line noise and voltage spikes that reaches the equipment 
plugged into the feed-through sockets. The filter also reduces the amount of noise that reaches the data/power 
connector from the device plugged into the feed-through outlets. 

In one embodiment, a modular feed-through power line network adapter provides an electrical power 
connection to a power line, and a power and data connection to a power line network adapter. The modular adapter 
provides a feed-through output socket and a power/network connector. In one embodiment, the feed-through socket 
includes a filter to reduce the amount of power line noise and other voltage transients that reach the equipment 
plugged into the feed-through socket. The filter also reduces the amount of noise that reaches the data/power 
connector from the device plugged into the feed-through outlet. In one embodiment, the data/power connector is 
configured to receive a data/power cable connected to a power line network adapter module. In one embodiment, the 
data/power connector provides 110-volt power to the network adapter module. In one embodiment, the data/power 
connector provides relatively lower voltage power to the network adapter module. In one embodiment, the data/power 
connector provides data signals to a self-powered the network adapter card or module. One embodiment includes a 
modular feed-through power line network adapter configured as a surge-suppressor strip that includes a network 
power/data connector. 

One embodiment includes a modular feed-through power line network adapter that provides an inline 
electrical power connection to a computer power-supply connector plug and a data connection to a power line network 
adapter. 

in one embodiment a low pass filter reduces the amount of power line noise that reaches the device plugged 
into the feed-through outlet. The low pass filter also reduces the noise that reaches the data/power connector from a 
device plugged into a feed-through outlet In one embodiment, the low pass filter is an LC filter. 

In one embodiment the modular adapter includes a balun to couple network data signals to the power line. 

Brief Description of the Drawings 
These and other features of the invention will now be described with reference to the following drawings. 
Figure 1 is a schematic diagram of the electrical powerline wiring in a typical home or small office and a 
networking system that uses the electrical powerlines as the network medium. 
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Hgure 2 shows one embodiment of a self-contained feed-through power line network adapter that provides 
an electrical power connection to a power line, and a network data connection to a computer or other device. 

Figure 3 shows one embodiment of a self-contained feed-through power line network adapter that provides a 
ground-f auh protected electrical power connection to a power line, and a network data connection to a computer or 
other network device. 

Hgure 4 shows one embodiment of a modular feed-through power line network adapter that provides an 
electrical power connection to a power line, and a power and data connection to a power line network adapter. 

Figure 5 shows one embodiment of a modular feed-through power line network adapter that provides an 
electrical power connection to a power line, and a data connection to a power line network adapter card. 

Figure 6 shows one embodiment of a modular feed-through power line network adapter that provides a multi- 
output electrical power connection to a power line, and a data connection to a power line network adapter. 

Figure 7 shows one embodiment of a modular feed-through power line network surge-suppressor strip that 
provides a multi-output electrical power connection to a power line, and a data connection to a power line network 
adapter. 

Figure 8 shows one embodiment of a modular feed-through power line network adapter that provides an 
inline electrical power connection to a computer power-supply power line, and a data connection to a power line 
network adapter. 

Figure 9 is a block diagram of one embodiment of a feed-through power line network adapter that provides a 
filtered feed-through port for powering other electrical devices and an unfiltered output for providing power and data to 
a power line network interface. 

Figure 10 is a block diagram of one embodiment of a filtered feed-through adapter as described in connection 
with Figure 9. 

Figure 11 is a block diagram of one embodiment of a feed-through power line network adapter that provides 
a filtered feed-through port for powering other electrical devices and a data output for providing data to a power line 
network interface, and, optionally, low voltage power to the power line network interface. 

Figure 12 Is a block diagram of one embodiment of a feed-through power line network adapter that provides 
a filtered feed-through port for powering other electrical devices and a batun for providing data to a power line network 
interface. 

In the drawings, like reference numbers are used to indicate like or functionally similar elements. The first 
digit of each three-digit reference number generally indicates the figure number in which the referenced item first 
appears. The first two digits of each four-digit reference number generally indicate the figure number in which the 
referenced item first appears. 

Detailed Description 

Figure 1 is a schematic diagram of the electrical powerline wiring in a typical home or small office and a 
networking system that uses the electrical powerlines as the network medium. Power is received from an external power 
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grid on a first hot wire 120, a second hot wire 122, and a neutral wire 121. The hot wires 120 and 122 carry an 
altemating current at 60 Hz (hertz) at a voltage that is nominally 110 volts RMS with respect to the neutral wire 121, 
The hot wires 120 and 122 are 180 deg. out of phase with respect to each other, such that the voltage measured 
between the first hot wire 120 and the second hot wire 122 is 220 volts RMS. 

Only one of the hot wires 120, 122 is provided to smaller appliances, lights, computers, etc. For example, as 
shown in Hgure 1, the second hot wire 122 and the neutral wire 121 are provided to a blender 140. 

The first hot wire 120, the neutral wire 121, and a ground wire 123 are provided to a power input of a printer 
105. The first hot wire 120 and the neutral wire 121 are also provided to a powerline data port of a poweriine network 
module 101. A data port on the poweriine network module 101 is provided to a data port on the printer 108. 

The second hot wire 122, the neutral wire 121, and the ground wire 123 are provided to a power input of a 
computer 106. The second hot wire 122 and the neutral wire 121 are provided to a poweriine data port of a poweriine 
network module 102. A data port on the poweriine network module 102 is provided to a network data port on the 
computer 106. 

The second hot wire 122, the neutral wire 121, and the ground wire 123 are provided to a power input of a 
networked device 107. The second hot wire 122 and the neutral wire 121 are provided to a poweriine data port of a 
poweriine network module 103. A data port on the poweriine network module 103 is provided to a network data port on 
the device 107. The device 107 can be any networked appliance or device in the home or office, including, for example, an 
alarm system controller, an alarm system sensor, a controllable light, a controllable outlet, a networi(ed kitchen appliance, 
a networked audio system, a networiced television or other audio-visual system, etc. 

The printer 105, the computer 106, and the networi(ed device 107 communicate using the electrical powerlines 
(the hot wires 120, 122, and the neutral wire 121). The poweriine networic modules 10M03 receive networic data, 
modulate the data into a format suitable for the poweriine, and couple the modulated data onto the poweriine. The 
poweriine network modules also receive modulated data from the powerlines, and demodulate the data. 

Devices such as the blender 140 and the computer 106 introduce noise onto the poweriines. This noise includes 
motor noise, switching transients, etc. The networic modules 10M03 are configured to provide an acceptable maximum 
data error rate In the presence of this noise. 

Figure 2 shows one embodiment of a self-contained feed-through power line network adapter 200 that 
provides an electrical power connection to a power line, and a network data connection to a computer or other device 
without "using up" an electrical outlet. The adapter 200 includes a plug 202 and a feed-through outlet 207. In one 
embodiment, the plug 202 and the outlet 207 are three-pronged devices for connecting to hot, neutral, and ground. In 
one embodiment, the plug 202 and the outlet 207 are two-pronged devices for connecting to hot and neutral. The 
adapter 200 also includes computer data connectors such as a USB connector 256 and a parallel-port connector 206. 
The data connectors 256 and/or 206 can also be configured for ethernet, firewire, fiber-optic cable, and the like. A 
computer, printer, appliance, or other network enabled device is connected by a network cable to the data connectors 
256 and/or 206. 
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The adapter 200 is configured such that when the plug 202 is plugged into a standard wall outlet the 
adapter 200 does not cover other sockets in the wall outlet (as shown by an outline 220). The adapter 200 includes 
internal electronic circuits that modulate data received at the connectors 256 or 206 and couple the modulated data 
onto the power line through the plug 202. The internal circuits also receive modulated data from the plug 202, 
demodulate the data, and provide the demodulated data to the connectors 256 and 206. As shown in connection with 
Figures 9-12 below, in one embodiment, a filter is provided between the feed-through outlet 207 and the internal 
electronic circuits to prevent noise introduced by a device plugged into the outlet 207 from reaching the internal 
circuits. Likewise, the filter keeps a portion of the noise and transients from the power line from reaching the outlet 
207 and thus any devices plugged into the outlet 207 are thereby partially protected from power line noise and 
transients. 

Figure 3 shows one embodiment of a self-contained feed-through power line network adapter 300 that 
provides a ground-fault interrupter (GFI) protected electrical power connection to a power line, and a network data 
connection to a computer or other device without "using up" an electrical outlet. The adapter 300 includes three- 
pronged plugs 302 and 303. The adapter 300 includes GFI-protected feed-through outlets 307 and 308. A test button 
311 and a reset button 310 are also provided to enable the conventional GFI test and reset functions. The adapter 
300 also includes the computer data connectors 256 and 208. 

The adapter 300 is configured such that when the plugs 302 and 303 are plugged into a standard wall 
outlet, the outlet becomes a ground-fault interrupter outlet. Like the adapter 200, the adapter 300 includes internal 
electronic circuits that modulate data received at the connectors 256 or 206 and couple the modulated data onto the 
power line through the plug (302 or 303). The internal circuits also receive modulated data from the plug (302 or 303), 
demodulate the data, and provide the demodulated data to the connectors 256 and 206. As shown in connection with 
Figures 9-12 below, in one embodiment, a filter is provided between the GFI-protected feed-through outlets 307 and 
308 and the internal electronic circuits to prevent noise introduced by a device plugged into the outlets 307 and 308 
from reaching the internal circuits. Likewise, the filter keeps a portion of the noise and transients from the power line 
from reaching the outlets 307 and 308 and thus any devices plugged into the outlets 307 and 308 are thereby partially 
protected from power line noise and transients. In one embodiment, a GF! circuit protects both the outlets 307, 308, 
the internal electronic network circuits (including the connectors 206, 256). 

Rgure 4 shows one embodiment of a modular feed-through power line network adapter 400 that provides an 
electrical power connection to a power line, and a network power and/or data connection to a power line network 
modem 450 without "using up*" an electrical outiet. The adapter 400 includes a plug 401 and a feed-through outiet 
402. In one embodiment the plug 401 and the outiet 402 are three-pronged devices for connecting to hot neutral, and 
ground. In one embodiment the plug 401 and the outlet 402 are two-pronged devices for connecting to hot and 
neutral. The adapter 400 also includes a connector 403 for providing power and/or data. An interface cable 405 is 
provided with a plug 404 on one end and a plug 407 on the other end. The plug 404 is provided to the connector 403 
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and the plug 407 is provided to a connector 410 on the modem 450, thus allowing power and/or data to flow between 
the adapter 400 and the modem 450. 

The modem 450 includes internal circuits for modulating and demodulating data from the power line. The 
modem 450 also includes network interface connectors such as the connectors 206 and 256 as described in 
connection with Figure 2 above. In one embodiment the module 400 is configured such that when it is plugged into 
one socket of the standard wall outlet 201, it does not cover up the other socket(s) in the wall outlet 201. Internal 
circuitry of the adapter 400 is described in connection with Figure 9-12. 

The connectors 404 and/or 407 can be omitted and the cable 405 connected directly to the adapter 400 
and/or the modem 450 respectively. 

As shown in Figure 5, in one embodiment, the modular feed-through power line network adapter 400 and 
cable 405 can also be connected to a computer interface card 500. In one embodiment, the card 500 includes the 
connector 410 and the modulation and demodulation circuits described in connection with the modem 450 above. The 
card 500 can be a plug-in card such as for example a PCI card, an ISA card, a Macintosh plug-in card, a daughter 
board, etc. The card 500 can also be a computer motherboard, a device specific card such as a printer controller card, 
an appliance controller card, etc. The connector 404 and/or 407 can be omitted and the cable 405 connected directly 
to the adapter 400 and/or the card 500 respectively. 

In one embodiment, the card 500 is configured to be self-powered (that is, powered by the computer or 
device it is connected to) and thus the adapter 400 does not need to supply power. In this embodiment, the cable 405 
need only provide a data connection between the adapter 400 and the card 500 ^see e.g. the embodiments shown in 
connection with Figures 1 1 or 12). 

Figure 6 shows one embodiment of a modular feed-through power fine network adapter 600 that provides a 
multi-output electrical power connection to a power line, and the data connector 403. The adapter 600 is similar to 
the adapter 400 and includes the plug 401, the outlet 402, and the connector 403. The adapter 600 also includes 
additional outlets 601 and 602. 

Figure 7 shows one embodiment of a modular feed-through power line network outlet strip 700 that provides 
a multi-output electrical power connection to a power line, and the data connector 403. The strip includes a plug 701 
and a main power cable 702 (in lieu of the plug 401 shown in connection with Figure 6). The strip 700 includes the 
outlets 402 and additional outlets 706-708. A switch 704 is provided to allow the outlets 401 and 706-708 to be 
disconnected from the electrical power supply. In one embodiment, the outlet strip 700 includes surge suppressors for 
one or more of the outlets 401 and 706-708. 

In one embodiment, the strip 700 is configured as a self-contained outlet strip and network power adapter 
including the network data connector 256 and the modulation and demodulation circuits described in connection with 
_ the modem 450. 

In one embodiment, the strip 700 is configured as an electrical power line adapter including the connector 
403 to be used in connection with a modem, such as, for example, the modem 450 or the network card 500. 

-7- 

0206461 A1J_> 



wo 02/05451 



PCT/USOl/21786 



Figure 8 shows one embodiment of a modular feed-through power line network adapter 800 that includes an 
electrical connector 808 configured to plug into a standard computer power-supply connector 802. The adapter 800 
includes a standard computer power-supply connector 810 to allow a computer power cord 809 to be plugged into the 
adapter 800. The adapter 800 includes the connector 403 to allow a connection to the computer card 500 (or 
motherboard, etc.) as described in connection with Figure 5 above. Electrically, the adapter 800 can be configured as 
shown in connection with Figures 9-12. 

Figure 9 is a schematic diagram of one embodiment of a filtered feed*through adapter circuit 900. The 
circuit 900 is a representative embodiment of the adapters described above in connection with Figures 2-8. The 
adapter 900 receives power from a power line, such as for example, the plug 202, 302, 303, 401, 701 and the like, 
including an input hot line 901, and input neutral line 902, and an input ground line 903 (the ground is optional in some 
embodiments). The hot line 901, the neutral line 902 and the ground line 903 are provided to a hot input, neutral input 
and ground input, respectively, of an optional GFI circuit 960. A hot output, a neutral output, and a ground output of 
the GFI circuit 960 are provided, respectively, to a hot input, a neutral input, and a ground input of a filter 905. If the 
GFI circuit 960 is omitted then the hot line 901, the neutral line 902 and the ground line 903 are provided to the hot 
input, the neutral input, and the ground input, respectively, of the filter 905. A hot output, a neutral output, and a 
ground output of the filter 905 are provided, respectively, to a hot feed-through output 921, a neutral feed-through 
output 922, and a ground feed-through output 923. The feed-through outputs 921-923 are provided to the feed- 
through output outlets such as, for example, the outlets 207, 307, 308, 402, 601-602, and 708-708 and the like. 

The hot input, the neutral input, and the ground inputs of the filter 905 are also provided to a hot network 
output 911, a neutral network output 912, and an optional ground network output 913. In one embodiment the 
network outputs 91 1-913 are provide to, for example, the connector 403 described above in connection with Figures 
4-8. The filter 905 can be a lowpass filter or a bandpass filter. In one embodiment, the filter 905 includes surge 
suppressors. In one embodiment, the filter 905 includes surge suppressors to clamp transient high-voltage spikes to 
relatively safe levels. In one embodiment, the filter 905 includes inrush current limiters to limit high current surges. 

Hgure 10 is a schematic diagram of one embodiment of the filter 90S, shown as a filter 1005. In the filter 
1005, the hot input is provided to a first terminal of an inductor 1001. A second terminal of the inductor 1001 is 
provided to a first terminal of a capacitor 1004 and to a first terminal of an optional inductor 1003. A second terminal 
of the capadtor 1002 is provided to the neutral input of the filter 1005. The second terminal of the inductor 1003 is 
provided to a hot output of the filter 1005 and to a first terminal of a capacitor 1004. A second tenninal of the 
capacitor 1004 is provided to the second terminal of the capacitor 1002. The neutral input of the filter 1005 is 
provided to the neutral output of the filter 1005. The ground input of the filter 1005 is provided to the ground output 
.of the filter 1005. The optional capacitor 1004 can be omitted. The optional inductor 1003 can be replaced with a 
wire. 

Figure 11 is a schematic diagram of one embodiment of a filtered feed-through adapter circuit 1100. The 
circuit 1100 is a representative embodiment of the adapters described above on connection with Hgures 2-8. The 
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adapter 1 100 is similar in many respects to the adapter 900 (sliown in Figure 9) and includes the inputs 901-903, the 
optional GFI 960, the filter 905, and the outputs 921-923. However, in the adapter 1100, the hot input and the 
neutral input of the filter 905 are provided to hot input and a neutral input of a balun 1 105. The ground input of the 
filter 905 is provided to the ground output 913. A first balun outputs 1111 and a second balun output 1112 are 
provided to a data output, such as, for example, the connector 403 described above in connection with Figures 4-8. 
The balun separates the connector 403 from the high voltage power lines. In one embodiment, the balun 1105 extracts 
data signals from the power line and provides the data signals to the connector 403. In one embodiment, the balun is a 
step-down transformer that provides both data and low-voltage power signals to the data connector 403. One skilled 
in the art will recognize that the balun is typically bi-directional and the use of the terms input and output to describe 
the ports of the balun is for convenience, and not by way of limitation, such that the balun will also couple data from 
the lines 1 1 1 1, 1 1 12 onto the power lines 901, 902. 

Figure 12 is a schematic diagram of a balun 1205, the balun 1205 being one embodiment of the balun 1 105 
shown in Figure 11. In the balun 1205, the balun hot input is provided to a first terminal of a capacitor 121 1 and the 
balun neutral input is provided to a first terminal of a capacitor 1212. A second terminal of the capacitor 1211 is 
provided to a first terminal of a primary winding of a balun transformer 1210. A second terminal of the capacitor 1212 
is provided to a second terminal of the primary winding of a balun transformer 1210. A first terminal of a secondary 
winding of the balun transformer 1210 is provided to the output 1 1 1 1 and a second terminal of the secondary winding 
of the balun transformer 1210 is provided to the output 1112. 

In one embodiment, the balun transformer 1210 is a ferrite-core transformer. In one embodiment the balun 
transformer 1210 is a powdered-metal core transformer. 

Although this invention has been described in terms of a certain embodiment, other embodiments apparent to 
those of ordinary skill in the art also are within the scope of this invention. For example, the connectors 404 and/or 
407 can be omitted and the cable 405 connected directly to the appropriate device. Various other changes and 
modifications may be made without departing from the spirit and scope of the invention. Accordingly, the scope of the 
invention is defined by the claims that follow. 
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WHAT IS CLAIMED IS : 

1 . A feed-through power line network adapter comprising: 

an electrical power plug for plugging into a standard electrical outlet; 
a filter configured to receive power from said electrical power plug; 
a first feed-through output socket configured to receive power from said filter; and 
a network data/power connector configured to receive power from said electrical power plug 
without passing through said filter. 

2. The feed-through power line network adapter of Claim 1, further comprising a second feed-through 
output socket configured to receive electrical power from said filter. 

3. The feed-through power line network adapter of Claim 1, further comprising a ground-fault 
interrupter circuit electrically interposed between said electrical power plug and said filter. 

4. The feed-through power line network adapter of Claim 1, further configured to be plugged into a 
socket in a standard household electrical outlet without covering other sockets in said outlet. 

5. The feed-through power line network adapter of Claim 1, further comprising a balun, said balun 
configured to couple modulated data signals from a power line modem to said electrical power plug. 

6. The feed-through power line network adapter of Claim 1, further comprising a voltage step-down 
transformer, said step-down transformer having a high-voltage primary winding connected to said electrical power plug 
and a low-voltage secondary configured to provide power to a power line network modem. 

7. The feed-through power line network adapter of Claim 1, said filter further comprising a surge 
suppressor. 

8. The feed-through power line network adapter of Claim 1, said filter comprising a bandpass filter. 

9. The feed-through power line network adapter of Claim 1, said filter comprising a lowpass filter. 

1 0. An inline electrical power adapter, said adapter comprising: 

an electrical plug portion, said plug portion configured to plug into a standard computer power 

supply; 

an electrical socket portion, said socket portion configured to receive a standard computer power 
cable connector; 

a filter, said filter configured to receive electric power from said electrical socket portion and 
provide filtered power to said electrical plug portion; and 

a data connector, said data connector configured to couple power line data network signals to said 
electrical socket portion. 

11. A power line network apparatus comprising; 

an adapter portion, said adapter portion comprising; 

an electrical power plug for plugging into a standard electrical outlet; 

a filter configured to receive power from said electrical power plug; 
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a cable configured to receive power from said electrical power plug without passing through said 

filter; and 

a f eed-through output socket configured to receive power from said filter; and 
a modem portion connected by said cable to said adapter portion, said modem portion configured to 
S produce output modulated data and couple said output modulated data to said cable, said modem portion 

further configured to receive input modulated data from said cable and demodulate said input modulated 

data. 

12. A surge-suppressor strip comprising an unfiltered input/output port for coupling to a power line 
network modem. 
10 13. An apparatus comprising: 

an electrical plug; 

filter means for receiving power from said electrical plug; 
feed-through outlet for receiving power from said filter means; and 
means for coupling power line network data signals to said electrical plug. 
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MODULAR POWER LIRIE NETWORK ADAPTER 

Background of the Invention 

5 Reld of the Invention 

The invention relates to adapters for power line communication systems, in particular, the invention relates 
to adapters that connect a power line network modem to an electrical outlet or electrical power cord. 
Description of the Related Ait 

The widespread availability of computers, especially personal computers, has led to a rapid Increase in the 
10 number of computer networks. Networking two or more computers together allows the computers to share 
information, file resources, printers, etc. Connecting two or more personal computers and printers together to form a 
network is, in principle, a simple task. The computers and printers are simply connected together using a cable, and 
the necessary software is installed onto the computers. In network terminology, the cable is the network medium and 
the computers and printers are the network nodes. Unfortunately, in practice, creating a computer networlc is often 
15 not quite as simple as it sounds. Typically, a user will encounter both software and hardware problems in attempting 

to configure a computer networic. 

When configuring a network in a home or small office, users often encounter hardware difficulties insomuch 
as it is usually necessary to install a network cable to connect the various network nodes. In a home or office 
environment, it can be very difficult to install the necessary cabling when the computers are located in different rooms 
20 or on different floors. Network systems that use radio or infrared radiation are known, but such systems are subject 

to interference and government regulation, and thus are far less common than systems that rely on a physical 
connection such as a wire or cable. 

Virtually all residential and commercial buildings in the U.S. are wired with electrical power lines, and using 
the existing power lines as a network medium to carry data is both convenient and efficient. Access to the power 
25 lines, for both power and data, is typically provided by conventional two-pronged or three-pronged electrical outlets. In 

most homes and office buildings, several electrical outlets are provided in each room. Nevertheless, many people find 
that there are never enough available outlets. To combat this problem, a wide variety of multi-outlet adapters have 
been marketed. 

The multi-outlets adapters come in many forms, but they all have the common goal of expanding the number 
30 of devices that can be plugged into a wall outlet One common type of multi-outlet adapter used with computer 
equipment is the surge-suppressor strip. The surge-suppressor strips usually include a power cord that plugs into an 
existing wall outlet, a switch, a circuit breaker, and several outlets. The surge-protector strips include surge 
suppressors and noise filters to protect the computer equipment from voltage spikes and noise often present on the 
power line. 
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Unfortunately, the surge suppressors and noise filters in the surge-suppressor strips often cause problems 
with power line networking systems because the noise filter treats the network data signals as noise that must be 
removed. Therefore, it is often desirable for the power line networking system to have direct access to the electrical 
power outlets, rather than the outlets provided by the surge-suppressor strip. 

Power line network systems are often installed by homeowners and small business owners who have little. If 
any, technical training. Some users have encountered difficulty, and dissatisfaction, with prior power line network 
systems because the user, unwilling to gh/e up an electrical outlet, plugged the power line equipment into a surge- 
suppressor strip (sometimes rendering the power line network equipment partially inoperative due to the noise filters In 
the strip). Moreover, previous embodiments of power line adapters have met with some consumer resistance because 
the need for direct access to the power outlet "used up" an outlet that the consumer wanted to use for other 
purposes. In some cases, the size existing power line equipment that plugged into an electrical outlet forced the user 
to move furniture away from the outlet (such situations can occur, for example, when the outlet being used for a 
computer or printer lies behind a desk or bookcase). 

Summary of the Invention 

The present Invention solves these and other problems by providing a compact modular feed-though adapter 
that allows an electrical connection to a power line network adapter without "using up" an electrical outiet. In so 
doing, the present invention greatiy increases the convenience and usability of power line network equipment. Power 
line network equipment configured according to the present invention is much easier for the user to install than prior 
systems and significantly reduces the chance that a user will have problems due to incorrect installations. The feed- 
through adapter allows the user to plug the power line networi( adapter directly into the wall without sacrificing an 
electrical outlet. 

In one embodiment, the modular feed-through adapter also provides noise filtering to protect electrical 
equipment plugged into the feed-through outlet. Unlike a conventional surge-suppressor strip that filters all outputs, 
putting the noise filter in the feed-through adapter provides filtering where desirable (e.g. to protect a computer) and 
avoids protective filtering where such filtering would be undesirable (e.g. in the power line network data path). The 
noise filtering also protects the power line network data signals from noise generated by the devices plugged into the 
feed-through adapter. In one embodiment, the network connections provided by the feed-through adapter are low 
voltage connections, thus allowing the network connections from the feed-through adapter to be safely plugged 
directiy into low-voltage equipment such as computer network cards and the like. 

One embodiment includes a self-contained feed-through power line network adapter that provides an 
electrical power connection to a power line, and a network data connection to a computer or other device. In one 
embodiment, the self-contained unit includes an electrical plug configured to plug into one socket, such as the lower 
socket, of an electrical power outlet without covering other sockets in the electrical outiet. The self-contained adapter 
includes a feed-through output socket and a network data/power connector. In one embodiment, the feed-through 
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socket includes a filter to reduce the amount of power line noise and voltage spikes that reaches the equipment 
plugged Into the feed-through socket. The filter also reduces the amount of noise that reaches the data/power 
connector from the device plugged into the feed-through outlet. In one embodiment, the self-contained network 
adapter includes a power line network interface and one or more network ports to allow network connections between 
S the self-contained network adapter and a computer or other device. 

in one embodiment, a self-contained adapter includes an electrical plug configured to plug into two or more 
sockets of an electrical power outlet. The two-outlet self-contained adapter includes two feed-through output sockets 
and a network data/power connector. In one embodiment, the feed-through socket includes a ground-fault interrupter 
circuit for safety and a filter to reduce the amount of power line noise and voltage spikes that reaches the equipment 

10 plugged into the feed-through sockets. The filter also reduces the amount of noise that reaches the data/power 

connector from the device plugged into the feed-through outlets. 

In one embodiment, a modular feed-through power line network adapter provides an electrical power 
connection to a power line, and a power and data connection to a power line network adapter. The modular adapter 
provides a feed-through output socket and a power/network connector. In one embodiment, the feed-through socket 

15 includes a filter to reduce the amount of power line noise and other voltage transients that reach the equipment 

plugged into the feed-through socket. The filter also reduces the amount of noise that reaches the data/power 
connector from the device plugged into the feed-through outlet. In one embodiment, the data/power connector^.is 
configured to receive a data/power cable connected to a power line network adapter module. In one embodiment, the 
data/power connector provides 110-volt power to the network adapter module. In one embodiment the data/power 

20 connector provides relatively lower voltage power to the network adapter module. In one embodiment, the data/power 

connector provides data signals to a self-powered the network adapter card or module. One embodiment includes a 
modular feed-through power line network adapter configured as a surge-suppressor strip that includes a network 
power/data connector. 

One embodiment includes a modular feed-through power line network adapter that provides an inline 
25 electrical power connection to a computer power-supply connector plug and a data connection to a power line network 

adapter. 

In one embodiment, a low pass filter reduces the amount of power line noise that reaches the device plugged 
into the feed-through outlet. The low pass filter also reduces the noise that reaches the data/power connector from a 
device plugged into a feed-through outlet. In one embodiment, the low pass filter is an LC filter. 
30 In one embodiment, the modular adapter includes a balun to couple network data signals to the power line. 

Brief Description of the Drawings 
These and other features of the invention will now be described with reference to the following drawings. 
Figure 1 is a schematic diagram of the electrical powerline wiring in a typical home or small office and a 
3 5 networking system that uses the electrical poweriines as the network medium. 
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Figure 2 shows one embodiment of a self-contained feed-through power line network adapter that provides 
an electrical power connection to a power line, and a network data connection to a computer or other device. 

Figure 3 shows one embodiment of a self-contained feed-through power line network adapter that provides a 
ground-fault protected electrical power connection to a power line, and a network data connection to a computer or 
5 other network device. 

Figure 4 shows one embodiment of a modular feed-through power line network adapter that provides an 
electrical power connection to a power line, and a power and data connection to a power line network adapter. 

Figure 5 shows one embodiment of a modular feed-through power line network adapter that provides an 
electrical power connection to a power line, and a data connection to a power line network adapter card. 
10 Figure 6 shows one embodiment of a modular feed-through power line network adapter that provides a multi- 

output electrical power connection to a power line, and a data connection to a power line network adapter. 

Figure 7 shows one embodiment of a modular feed-through power line network surge-suppressor strip that 
provides a multi-output electrical power connection to a power line, and a data connection to a power line network 
adapter. 

15 Figure 8 shows one embodiment of a modular feed-through power line network adapter that provides an 

inline electrical power connection to a computer power-supply power line, and a data connection to a power line 
network adapter. 

Figure 9 is a block diagram of one embodiment of a feed-through power line network adapter that provides a 
filtered feed-through port for powering other electrical devices and an unfiltered output for providing power and data to 
20 a power line network interface. 

Figure 10 is a block diagram of one embodiment of a filtered feed-through adapter as described in connection 
with Figure 9. 

Figure 1 1 is a block diagram of one embodiment of a feed-through power line network adapter that provides 
a filtered feed-through port for powering other electrical devices and a data output for providing data to a power line 
25 network interface, and, optionally, low voltage power to the power line network interface. 

Figure 12 is a block diagram of one embodiment of a feed-through power line network adapter that provides 
a filtered feed-through port for powering other electrical devices and a balun for providing data to a power line network 
interface. 

In the drawings, like reference numbers are used to indicate like or functionally similar elements. The first 
30 digit of each three-digit reference number generally indicates the figure number in which the referenced item first 

appears. The first two digits of each four-digit reference number generally indicate the figure number in which the 
referenced item first appears. 

Detailed Description 

Hgure 1 is a schematic diagram of the electrical powerline wiring in a typical home or small office and a 
35 networtcing system that uses the electrical powerlines as the network medium. Power is received from an external power 
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grid on a first hot wire 120, a second hot wire 122, and a neutral wire 121. The hot wires 120 and 122 carry an 
alternating current at 60 Hz (hertz) at a voltage that is nominally 110 volts RMS with respect to the neutral wire 121. 
The hot wires 120 and 122 are 180 deg. out of phase with respect to each other, such that the voltage measured 
between the first hot wire 120 and the second hot wire 122 is 220 volts RMS. 
5 Only one of the hot wires 120, 122 is provided to smaller appliances, lights, computers, etc. For example, as 

shown In Figure 1, the second hot wire 122 and the neutral wire 121 are provided to a blender 140. 

The first hot wire 120, the neutral wire 121, and a ground wire 123 are provided to a power input of a printer 
105. The first hot wire 120 and the neutral wire 121 are also provided to a powerline data port of a powerline network 
module 101. A data port on the powerline network module 101 is provided to a data port on the printer 108. 
10 The second hot wire 122, the neutral wire 121, and the ground wire 123 are provided to a power input of a 

computer 106. The second hot wire 122 and the neutral wire 121 are provided to a powerline data port of a powerline 
network module 102. A data port on the powerline network module 102 is provided to a network data port on the 
computer 106. 

The second hot wire 122, the neutral wire 121, and the ground wire 123 are provided to a power input of a 

IS networked device 107. The second hot wire 122 and the neutral wire 121 are provided to a powerline data port of a 

powerline network module 103. A data port on the powerline network module 103 is provided to a network data port on 
the device 107. The device 107 can be any networked appliance or device in the home or office, including, for example, an 
alarm system controller, an alarm system sensor, a controllable light, a controllable outlet a networked kitchen appliance, 
a networked audio system, a networked television or other audio-visual system, etc. 

20 The printer 105, the computer 106, and the networked device 107 communicate using the electrical powerlines 

(the hot wires 120, 122, and the neutral wire 121). The powerline network modules 10M03 receive network data, 
modulate the data into a format suitable for the powerline, and couple the modulated data onto the powerline. The 
powerline network modules also receive modulated data from the poweriines, and demodulate the data. 

Devices such as the blender 140 and the computer 106 introduce noise onto the powerlines. This noise includes 

25 motor noise, switching transients, etc. The network modules 10M03 are configured to provide an acceptable maximum 

data error rate in the presence of this noise. 

Figure 2 shows one embodiment of a self-contained feed-through power line network adapter 200 that 
provides an electrical power connection to a power line, and a network data connection to a computer or other device 
without "using up" an electrical outlet. The adapter 200 includes a plug 202 and a feed-through outlet 207. In one 

30 embodiment, the plug 202 and the outlet 207 are three-pronged devices for connecting to hot, neutral, and ground. In 
one embodiment, the plug 202 and the outlet 207 are two-pronged devices for connecting to hot and neutral. The 
adapter 200 also includes computer data connectors such as a USB connector 256 and a parallel-port connector 206. 
The data connectors 256 and/or 206 can also be configured for ethernet, firewire, fiber-optic cable, and the like. A 
computer, printer, appliance, or other network enabled device is connected by a networic cable to the data connectors 

35 256 and/or 206. 
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The adapter 2Q0 is configured such that when the plug 202 is plugged into a standard wall outlet the 
adapter 200 does not cover other sockets in the wall outlet (as shown by an outline 220). The adapter 200 includes 
internal electronic circuits that modulate data received at the connectors 256 or 206 and couple the modulated data 
onto the power line through the plug 202. The internal circuits also receive modulated data from the plug 202, 
5 demodulate the data, and provide the demodulated data to the connectors 256 and 206. As shown in connection with 

Figures 9-12 below, in one embodiment a filter is provided between the feed-through outlet 207 and the internal 
electronic circuits to prevent noise introduced by a device plugged into the outlet 207 from reaching the internal 
circuits. Likewise, the filter keeps a portion of the noise and transients from the power line from reaching the outlet 
207 and thus any devices plugged into the outlet 207 are thereby partially protected from power line noise and 
10 transients. 

Figure 3 shows one embodiment of a self-contained feed-through power line network adapter 300 that 
provides a ground-fault interrupter (GFI) protected electrical power connection to a power line, and a network data 
connection to a computer or other device without ''using up" an electrical outlet. The adapter 300 includes three- 
pronged plugs 302 and 303. The adapter 300 includes GFI-protected feed-through outlets 307 and 308. A test button 

15 311 and a reset button 310 are also provided to enable the conventional GFI test and reset functions. The adapter 

300 also includes the computer data connectors 256 and 206. 

The adapter 300 is configured such that when the plugs 302 and 303 are plugged into a standard wall 
outlet, the outlet becomes a ground-fault interrupter outlet. Like the adapter 200, the adapter 300 includes internal 
electronic circuits that modulate data received at the connectors 256 or 206 and couple the modulated data onto the 

20 power line through the plug (302 or 303). The internal circuits also receive modulated data from the plug (302 or 303), 

demodulate the data, and provide the demodulated data to the connectors 256 and 206. As shown in connection with 
Figures 9-12 below, in one embodiment a filter is provided between the GFI-protected feed-through outlets 307 and 
308 and the internal electronic circuits to prevent noise introduced by a device plugged into the outlets 307 and 308 
from reaching the internal circuits. Likewise, the filter keeps a portion of the noise and transients from the power line 

25 from reaching the outlets 307 and 308 and thus any devices plugged into the outlets 307 and 308 are thereby partially 

protected from power line noise and transients. In one embodiment a GFI circuit protects both the outlets 307, 308, 
the internal electronic network circuits (including the connectors 206, 256). 

Figure 4 shows one embodiment of a modular feed-through power line network adapter 400 that provides an 
electrical power connection to a power line, and a network power and/or data connection to a power line network 

30 modem 450 without "using up" an electrical outlet. The adapter 400 includes a plug 401 and a feed-through outlet 

402. In one embodiment the plug 401 and the outlet 402 are three-pronged devices for connecting to hot neutral, and 
ground. In one embodiment the plug 401 and the outlet 402 are two-pronged devices for connecting to hot and 
neutral. The adapter 400 also includes a connector 403 for providing power and/or data. An interface cable 405 is 
prowded with a plug 404 on one end and a plug 407 on the other end. The plug 404 is provided to the connector 403 
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and the plug 407 is provided to a connector 410 on the modem 450, thus allowing power and/or data to flow between 
the adapter 400 and the modem 450. 

The modem 450 includes internal circuits for modulating and demodulating data from the power line. The 
modem 450 also includes network interface connectors such as the connectors 206 and 256 as described in 
5 connection with Figure 2 above. In one embodiment, the module 400 is configured such that when It is plugged into 
one socket of the standard wall outlet 201Jt does not cover up the other socket{s) in the wall outlet 201. Internal 
circuitry of the adapter 400 is described in connection with Hgure 9-12. 

The connectors 404 and/or 407 can be omitted and the cable 405 connected directly to the adapter 400 
and/or the modem 450 respectively. 
10 As shown in Figure 5, in one embodiment, the modular feed-through power line network adapter 400 and 

cable 405 can also be connected to a computer interface card 500. In one embodiment, the card 500 includes the 
connector 410 and the modulation and demodulation circuits described in connection with the modem 450 above. The 
card 500 can be a plug-in card such as for example a PCI card, an ISA card, a Macintosh plug-in card, a daughter 
board, etc. The card 500 can also be a computer motherboard, a device specific card such as a printer controller card, 
15 an appliance controller card, etc. The connector 404 and/or 407 can be omitted and the cable 405 connected directly 
to the adapter 400 and/or the card 500 respectively. 

In one embodiment, the card 500 is configured to be self-powered (that is, powered by the computer or 
device it is connected to) and thus the adapter 400 does not need to supply power. In this embodiment, the cable 405 
need only provide a data connection between the adapter 400 and the card 500 {see e,g, the embodiments shown in 
20 connection with Figures 1 1 or 12). 

Figure 6 shows one embodiment of a modular feed-through power line network adapter 800 that provides a 
multi-output electrical power connection to a power line, and the data connector 403. The adapter 600 is similar to 
the adapter 400 and includes the plug 401, the outlet 402, and the connector 403. The adapter 600 also Includes 
additional outlets 601 and 602. 

25 Figure 7 shows one embodiment of a modular feed-through power line network outlet strip 700 that provides 

a multi-output electrical power connection to a power line, and the data connector 403. The strip includes a plug 701 
and a main power cable 702 (in lieu of the plug 401 shown in connection with Figure 6), The strip 700 includes the 
outlets 402 and additional outlets 706-708. A switch 704 is provided to allow the outlets 401 and 706-708 to be 
disconnected from the electrical power supply. In one embodiment, the outlet strip 700 includes surge suppressors for 

30 one or more of the outlets 401 and 706-708. 

In one embodiment, the strip 700 is configured as a self-contained outlet strip and network power adapter 
including the network data connector 256 and the modulation and demodulation circuits described in connection with 
the modem 450. 

In one embodiment, the strip 700 is configured as an electrical power line adapter including the connector 
35 403 to be used in connection with a modem, such as, for example, the modem 450 or the network card 500. 
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Figure 8 shows one embodiment of a modular feed-through power line network adapter 800 that includes an 
electrical connector 808 configured to plug into a standard computer power-supply connector 802. The adapter 800 
includes a standard computer power-supply connector 810 to allow a computer power cord 809 to be plugged into the 
adapter 800. The adapter 800 includes the connector 403 to allow a connection to the computer card 500 (or 
S motherboard, etc.) as described in connection with Figure 5 above. Electrically, the adapter 800 can be configured as 

shown in connection with Figures 9-1 2. 

Figure 9 is a schematic diagram of one embodiment of a filtered feed-through adapter circuit 900. The 
circuit 900 is a representative embodiment of the adapters described above in connection with Figures 2-8. The 
adapter 900 receives power from a power line, such as for example, the plug 202, 302, 303, 401, 701 and the like, 

10 including an input hot line 901, and input neutral line 902, and an input ground line 903 (the ground is optional in some 

embodiments). The hot line 901, the neutral line 902 and the ground line 903 are provided to a hot input, neutral input 
and ground input, respectively, of an optional GFI circuit 960. A hot output, a neutral output and a ground output of 
the GFI circuit 960 are provided, respectively, to a hot input, a neutral input, and a ground input of a filter 905. If the 
GFI circuit 960 is omitted then the hot line 901, the neutral line 902 and the ground line 903 are provided to the hot 

15 input, the neutral input, and the ground input, respectively, of the filter 905. A hot output, a neutral output, and a 

ground output of the filter 905 are provided, respectively, to a hot feed-through output 921, a neutral feed*through 
output 922, and a ground feed-through output 923. The feed-through outputs 921-923 are provided to the feed- 
through output outiets such as, for exdmple, the outlets 207, 307, 308, 402, 601-602, and 708-708 and the like. 

The hot input, the neutral input, and the ground inputs of the filter 905 are also provided to a hot network 

20 output 911, a neutral network output 912, and an optional ground network output 913. In one embodiment, the 

network outputs 91 1-913 are provide to, for example, the connector 403 described above in connection with Figures 
4-8. The filter 905 can be a lowpass filter or a bandpass filter. In one embodiment, the filter 905 includes surge 
suppressors. In one embodiment, the filter 905 includes surge suppressors to clamp transient high-voltage spikes to 
relatively safe levels. In one embodiment, the filter 905 includes inrush current iimiters to limit high current surges. 

25 Figure 10 is a schematic diagram of one embodiment of the filter 905, shown as a filter 1005. In the filter 

1005, the hot input is provided to a first terminal of an inductor 1001. A second terminal of the inductor 1001 is 
provided to a first terminal of a capacitor 1004 and to a first terminal of an optional inductor 1003. A second terminal 
of the capacitor 1002 is provided to the neutral input of the filter 1005. The second terminal of the inductor 1003 is 
provided to a hot output of the filter 1005 and to a first terminal of a capacitor 1004. A second terminal of the 

30 capacitor 1004 is provided to the second terminal of the capacitor 1002. The neutral input, of the filter 1005 is 

provided to the neutral output of the filter 1005. The ground input of the filter 1005 is provided to the ground output 
.of the filter 1005. The optional capacitor 1004 can be omitted. The optional inductor 1003 can be replaced mth a 
wire. 

Figure 11 is a schematic diagram of one embodiment of a filtered feed-through adapter circuit 1100. The 
35 circuit 1100 Is a representative embodiment of the adapters described above on connection with Figures 2*8. The 
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adapter 1 100 is similar in many respects to the adapter 900 (shown in Figure 9) and includes the inputs 901-903, the 
optional GFI 960, the filter 905, and the outputs 921-923, However, in the adapter 1100, the hot input and the 
neutral input of the filter 905 are provided to hot input and a neutral input of a balun 1 105. The ground input of the 
filter 905 is provided to the ground output 913. A first balun outputs 1111 and a second balun output 1112 are 
5 provided to a data output such as, for example, the connector 403 described above in connection with Figures 4-8. 

The balun separates the connector 403 from the high voltage power lines. In one embodiment, the balun 11 05 extracts 
data signals from the power line and provides the data signals to the connector 403. In one embodiment, the balun is a 
step-down transformer that provides both data and low-voltage power signals to the data connector 403. One skilled 
in the art will recognize that the balun is typically bi-directional and the use of the terms input and output to describe 
10 the ports of the balun is for convenience, and not by way of limitation, such that the balun will also couple data from 

the lines 1 1 1 1 , 1 1 1 2 onto the power lines 901 , 902. 

Figure 12 Is a schematic diagram of a balun 1205, the balun 1205 being one embodiment of the balun 11 05 
shown In Figure 1 1. In the balun 1205, the balun hot input is provided to a first terminal of a capacitor 121 1 and the 
balun neutral input is provided to a first terminal of a capacitor 1212. A second terminal of the capacitor 1211 is 

15 provided to a first terminal of a primary winding of a balun transformer 1210. A second terminal of the capacitor 1212 

is provided to a second tenninal of the primary winding of a balun transformer 1210. A first tenninal of a secondary 
winding of the balun transformer 1210 is provided to the output 1 1 11 and a second terminal of the secondary winding 
of the balun transformer 1210 is provided to the output 1 1 12. 

In one embodiment the balun transformer 1210 is a ferrite-core transformer. In one embodiment the balun 

20 transformer 1 2 1 0 is a powdered-metal core transformer. 

Although this invention has been described in tenns of a certain embodiment other embodiments apparent to 
those of ordinary skill in the art also are within the scope of this invention. For example, the connectors 404 and/or 
407 can be omitted and the cable 405 connected directly to the appropriate device. Various other changes and 
modifications may be made without departing from the spirit and scope of the invention. Accordingly, the scope of the 

25 invention is defined by the claims that follow. 
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WHAT IS CLAIMED IS : 

1 . A feed-through power line network adapter comprising: 

an electrical power plug for plugging into a standard electrical outlet; 
a filter configured to receive power from said electrical power plug; 
5 a first feed-through output socket configured to receive power from said filter; and 

a network data/power connector configured to receive power from said electrical power plug 
without passing through said filter. 

2. The feed-through power line networi( adapter of Claim 1, further comprising a second feed-through 
output socket configured to receive electrical power from said f ilter. 

^® 3. The feed-through power line network adapter of Claim 1, further comprising a ground-fault 

interrupter circuit electrically interposed between said electrical power plug and said filter. 

4. The feed-through power line networic adapter of Claim 1, further configured to be plugged into a 
socket in a standard household electrical outlet without covering other sockets in said outlet 

5. The feed-through power line network adapter of Claim 1, further comprising a baiun, said balun 
1 5 configured to couple modulated data signals from a power line modem to said electrical power plug. 

6. The feed-through power line network adapter of Claim 1, further comprising a voltage step down 
transformer, said step-down transformer having a high-voltage primary winding connected to said electrical power plug 
and a low-voltage secondary configured to provide power to a power line network modem. 

7. The feed-through power line networic adapter of Claim 1, said filter further comprising a surge 
20 suppressor. 

8. The feed-through power line network adapter of Claim 1, said filter comprising a bandpass filter. 

9. The feed-through power line network adapter of Claim 1, said filter comprising a lowpass filter. 

10. An inline electrical power adapter, said adapter comprising: 

an electrical plug portion, said plug portion configured to plug into a standard computer power 

25 supply; 

an electrical socket portion, said socket portion configured to receive a standard computer power 
cable connector; 

a filter, said filter configured to receive electric power from said electrical socket portion and 
provide filtered power to said electrical plug portion; and 

^® 3 ^3ta connector, said data connector configured to couple power line data networic signals to said 

electrical socket portion. 

11. A power line network apparatus comprising; 

an adapter portion, said adapter portion comprising; 
an electrical power plug for plugging into a standard electrical outlet" 
35 a filter configured to receive power from said electrical power plug; 
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a cable configured to receive power from said electrical power plug without passing through said 

filter; and 

a feed-through output socket configured to receive power from said filter; and 
a modem portion connected by said cable to said adapter portion, said modem portion configured to 
produce output modulated data and couple said output modulated data to said cable, said modem portion 
further configured to receive input modulated data from said cable and demodulate said input modulated 



12, A surge-suppressor strip comprising an unfiltered Input/output port for coupling to a power line 
network modem. 

^0 1 3. An apparatus comprising: 

an electrical plug; 

filter means for receiving power from said electrical plug; 
feed-through outlet for receiving power from said filter means; and 
means for coupling power line network data signals to said electrical plug. 
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